A characteristic feature of the ovary in hens of regular lay, is represented by graded series of yellow follicles in rapid phase of growth. For the maintenance of such unique disposition, specificity of the avian gonadotrophins and mechanisms working at the ovarian level seem to be of equal importance.
In the hypophysectomized chicken, administration of avian gonadotrophins could maintain normal disposition of the follicle, whereas mammalian LH and FSH, even given seemingly in the best combination, were only partially effective (Opel and Nalbandov, 1961a) . Recent investigations have demonstrated that avian and mammalian gonadotrophins are quite different from each other (Bullock et al., 1967; Scanes et. al., 1972) .
At the ovarian level, steroidal hormones in birds in response to their gonadotrophins are essentially similar to those known in mammals. Of these steroids, estrogen seems to play a prominent role in vitellogenesis. Its presence in the yellow follicles was first reported in 1940 (Marlow and Richaert, 1940) and its stimulating action on the synthesis of immediate precursors of egg yolk by the liver (Hosoda, 1952; Vanstone et al., 1957) are well established. It had long been suspected intuitively that in the disposition the larger the follicle the higher the secretion of estrogen, but no attempt has ever been made to elucidate the maturation process of the follicle through the analysis of their estrogen production.
In the present study, estrogen contents of ovarian follicles differing in size, and fluctuations of plasma estrogen in the ovulation cycle were investigated by radioimmunoassay . The influence of surgical removal of selected follicles on the growth and ovulation time of the other follicles left in situ was also investigated.
Materials and Methods
Experimental animals Female Japanese quail (Coturnix coturnix japonica) of our stock, two to five months of age, were used. They were maintained in individual cages and fed ad libitum with a commercial quail mash and water, under a daily photoperiod of 14 hr light and 10 hr darkness (lights on; 06: 00, off; 20: 00). The time of oviposition' was monitored with a multichannel events recorder (Hitachi, QW-7), or by frequent visit to the cages when lights were on. The ovulation time was estimated from the record of oviposition time, since the time from ovulation to oviposition is approximately 25 hr in the quail (Woodard and Mather, 1964) under this light regimen. Birds which had maintained regular egg laying for considerably long period were selectively used in the present study.
In a preliminary experiment, twenty birds were autopsied 4 hr before the expected ovulation to examine number and size of yellow follicles at that time. Five yellow follicles were commonly found. In this report, five follicles as such were tentatively numbered as F-1 to F-5 with the order of the decrease in size (Table 1) .
Determination
of the estrogen content of the follicle From here on, the time in the ovulation cycle will be expressed as the time before the next expected ovulation with minus sign. Birds were killed about Surgical removal of the follicle Birds were operated soon after the ovulation, under pentobarbital sodium (Mintal, Tanabe) anesthesia (30 mg/kg body wt.). Follicles were exposed through an incision made in the left abdominal wall. Desired yellow follicles were removed with two pairs of forceps leaving the stalk portions attached to the ovary. The operation usually took about 30 min. In the sham operated controls, the follicles were kept intact.
Exact disposition of the follicle at the time of operation was often difficult to ascertain. Therefore, a fat soluble dye (Sudan III, or Sudan black) in 0.1 ml of sesame oil was administered orally soon after the operation. Eggs laid thereafter were boiled and sliced to examine the diameter of the dye rings assuming that they represent the size of growing follicles left in situ at the time of surgery. Estrogen contents of the follicle Both E, and E2 contents of individual F-1 were very small (ca 20 pg) in almost all birds tested. At-12 hr and-4 hr, estrogen contents per follicle of F-3 and F-4 usually exceeded those of the other yellow follicles, meanwhile values of F-2 were very small. At-20 hr, values of estrogens in F-2 scattered in a wide range, an evidence that the cessation of estrogen production of a follicle occurred two days before its ovulation.
In all birds, both E, and E2 contents of ruptured follicle (FR) were unmeasurable even when two FRs were combined for one assay.
White follicles were so small that they had to be pooled for assay. The average estrogen content per follicle was very small and was comparable to that in the smallest yellow follicle obtained from the same ovary.
The changes of estrogen content in the follicle during entire rapid growing phase may easily be traced from the result in Fig. 2 Effect of removal of the follicle Birds used for operation had continued regular ovulation cycle preceding the operation. In all of such birds, eggs were found in the oviduct at the time of the operation and were normally laid later.
If the ovulatory mechanism and follicular growth were remained unaltered after the surgery, F-n was expected to ovulate n days after the operation, and one white follicle (F-5 candidate, F-5c) which took the F-5 position on the next day of the operation was expected to ovulate five days after the operation.
The results showed that, in 6 of 11 birds in which more than two yellow follicles including F-3 and F-4 were removed, F-5c oviposition (oviposition of the ovum originated from F-5c) was advanced by one day ( Table 2) . The yolk of such egg was almost the same in size as that of normally laid control eggs, having average diameter of 1.78cm. In the other operated or sham operated groups, F-5c oviposition was never advanced more than two hrs ( Table 2 ).The observations indicate clearly that the advancement of oviposition time of F-5c by one day was not due to premature ovulation or oviposition, but to the accelerated growth of the follicle. After F-5c oviposition, birds resumed normal laying pattern.
In contrast, the ovulation of F-1 and F-2, and the growth of F-2 were delayed by the Table 2 . Effects of the removal of the follicles on the oviposition of the egg from F-5 candidate same treatment (Table 3) . When three yellow follicles including F-3 and F-4 were removed, F-1 ovulation was not detected by abdominal palpation at 23-25 hrs after the operation showing that ovulation was delayed at least a day, whereas in the sham operated group, Table 3 , Retardation of the oviposition time by the removal of the follicles *Egg originated from F-1 or F-2 follicle at the time of operation **2 hens were killed about 48hrs after operation delay in ovulation was not induced in twothirds of birds (Table 3 ).The removal of F-3 and F-4 also caused retardation of F-2 growth, since in birds killed on the expected day of F-2 ovulation, F-1 and F-2 were remained unovulated and they were similar in size to corresponding follicles in the intact birds.
Discussion
In the yellow follicles of the quail, E1 was always dominant to E2 by five to ten times in amounts, while in the blood plasma E2 was usually dominant to E1. This would be a matter of interest in the study of the storage and secretion form of estrogen in the avian ovary. However, as far as the yellow follicles are concerned, changes of E, are well in parallel to those of E2 and therefore in the followings no particular emphasis will be given to either one of estrogens in the interpretation of ovarian function.
In the laying hen , the sensitivity of each growing follicle to ovulation inducing hormone (OIH) is so adjusted that at the time of periodical OIH release, the ovulable follicle is always limited only to the largest one . Despite such difference in sensitivity within and Nalbandov,1961b), that F-2 and F-3 follicles could acquire unusually high sensitivity to exogenous OIH as time lapsed after the hypophysectomy.They did not refer to the changes inside the follicle, but undoubtedly hypophysectomy had forced to induce prompt cessation of estrogen production of mediumsized follicles those which otherwise were active in estrogen production and refractory to OIH.
From the calculation of the normal follicular growth in size,about a half of the yolk material in a ovulable follicle should be deposited after cessation of the estrogen production of its own (Table 1 ). This might be the process which relies upon elevated basal level of plasma estrogens by the mediumsized follicles. After completion of yolk deposition, the ovulation of F-1 follicles soon takes place (Smith, 1959 ) and participation of plasma estrogen level in this event has recently been suggested by Senior and Cunningham in the chicken (Senior and Cunningham, 1974) . In the light of the results of follicular estrogen in the quail, this seems also to be a process in which participation of the medium-sized follicles is inevitable.
Importance of medium-sized follicles with these regards was further evaluated in this study by the determination of plasma estrogen on the one hand and by surgical removal of selected yellow follicles on the other.
Results of the present study in the quail showed that the plasma estrogen level fluctuated periodically during an ovulation cycle, as was also known in the chicken (Peterson and Common, 1972 Extent. of contribution of medium-sized follicles in issuing such signal for ovulation of larger follicles was further investigated by surgical removal of selected set of follicles at the scheduled time in the laying cycle. By this treatment, growth or ovulation of F-1 and F-2 follicles were significantly delayed about a day or more as had anticipated (Table 2) , since there should be an abrupt decrease of circulating estrogen that might remain in low levels at least for several hours. However, by the same surgery advancement of ovulation of F-5 candidate and successional follicles ensued. Without regard to the changes in laying time, eggs laid were all in normal range in size. Singular removal of any yellow follicle was without noticeable effect on the expected ovulation time of the others. The cause of apparently accelerated growth of smaller or recruits of yellow follicles to compensate the gap in the disposition after removal of F-3 and F-4 might simply be explained on the basis of negative feedback system intervening between plasma estrogen and the central mechanism. Since evidence indicating involvement of estrogen in that system is plenty in the avian species (Heald et al.,1968; Stetson, 1972) .
Although the significance of estrogen pro . duction by medium-sized follicles has been clarified by the present study, the mechanism whereby yellow follicles to cease their estrogen production in midway of their growth awaits further elucidation.
